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In sub-saharan Africa
30% of agricultural land &
40% of people living in landscape
with tree cover > 10%
[Zomer et al., 2014]
Management of isolated trees has long been a key food 
security and livelihood strategy while improving farmers’ 
resilience to climate change in Africa [Garrity et al., 2010].
Agroforestry provides a wide range of  ecosystems 
services : diversification of incomes and household nutrition, 
enhance soil fertility and boosting crop yields of annual 
crops [Sinare & Gordon, 2015].
A myriad of studies on understanding effects of trees on 
crop productivity at tree scale but current knowledge on 
the  impact of parkland structuring on agrosystems 
productivity is limited.
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1-To evidence the contribution of isolated trees to 
the agricultural performance of smallholder 
farming systems at landscape scale.
2-To improve the assessment of crop yields 
integrating the effects of isolated trees at 
landscape scale.
Case study : 
Faidherbia parkland of Senegal
° Faidherbia albida parkland
° Main crops : Millet & Groundnut 
                    in rotation
° Annual rainfall : 400-800 mm
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Fig 1. Analysis of observed groundnut 
aboveground biomass according to tree 
Fig 1. Analysis of observed groundnut aboveground 
biomass (AGB) (a) and millet grain yield (GY) (b) 
according to tree density classes obtained with a k-
means clustering. Medians are compared with a 
Kruskal-Wallis test. A comparison between home 
fields and bush fields is made for millet only since 
groundnut is rarely cultivated on home fields.
Kruskal−Wallis, p = 0.086
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Fig 2. 5-fold cross validation R² and RMSE for the 
best integration period of each vegetation 
productivity index with and without parkland 
structuring information added to the millet GY. 
Fig 3. Comparison between observed and estimated yields for the final best model for (a) groundnut 
AGB and (b) millet GY. 
Kruskal−Wallis, p = 0.77 Kruskal−Wallis, p = 0.24
Bush fields Home fields
Low Medium High Low Medium High
1000
2000
3000
Tree density class (nb tree/ha)
G
ra
in
 y
ie
ld
 (k
g/
ha
)
Observed millet grain yield
Trees effect at landscape scale
b)
Marginally significant difference (p-value<10%) 
of groundnut AGB according to tree density 
classes with a slight increase in observed AGB 
with increase in tree density.
No significant difference of millet GY according 
to tree density classes excepted for home fields 
where GY increased by 50% with increase in 
tree density.
Overall, millet GY are more variable in bush 
fields.
From satellite information to yield estimates
Sensitivity analysis to tree information and vegetation 
productivity proxies - Millet example
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Best integration periods mainly concern 
reproductive phases (grain filling to 
physiological maturity, 50 to 90 days after 
emergence).
For all vegetation productivity proxies, 
integrating parklands structuring information 
increased models accuracy with R² greater 
than 0.5 (NDWI excepted).
Yield estimates
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Best model for groundnut AGB : NDVI (from 75 to 85 days after emergence) x number of 
trees with R²=0.66, RRMSE=0.30.
Best model for millet GY : GDVI (from 50 to 65 days after emergence) x number of trees for 
with R²=0.70, RRMSE=0.28.
Improvement in the remote sensing crop yield models at landscape scale confirms that the 
spatial extent of tree influence driven by lateral roots influence is beyond the canopy crown 
area [Sileshi, 2016].
a)
a) b)
Results on tree influence at
landscape scale are not fully in line
with studies conducted at tree scale
showing an improvement of yield
under F. albida crown [Louppe,
1996].
While F.albida is the dominant specie
of the parkland, our method (remote
sensing and landscape ecology)
didn't distinguish the different tree
species present in the parkland. This
suggests that the well-known 'fertility
hotspot' of F. albida can be
tempered at landscape scale by the
tree specific diversity.
Using a remote sensing based
model, first results of this study
highlighted the need to integrate
parklands structuring information as
mean to account for isolated trees
effects (all species taken together)
to improve the agricultural
assessment performance at
landscape scale. 
Further analyses will address the
intra-fields variability (e.g. the
distance decay effects) and inter-
fields variability in response to trees
effects on crop productivity.
